Background--Guidelines recommend P2Y 12 inhibitor therapy for 1 year after myocardial infarction (MI), yet little guidance is provided on antiplatelet management for patients with recurrent ischemic events during that year. We describe changes in P2Y 12 inhibitor type among patients with recurrent ischemic events in the first year after MI.
controlled trials switching patients with high on-clopidogrel platelet reactivity to prasugrel or ticagrelor have failed to show clinical benefit. [12] [13] [14] [15] [16] Recurrent ischemic events while receiving clopidogrel therapy may affect physician decision making because of perceived clopidogrel "failure," although these events may not necessarily reflect inadequate platelet inhibition. In patients with ACS, in-hospital reinfarction while taking clopidogrel is associated with a higher likelihood of a switch to prasugrel. 17 Postdischarge switching is rare, and most switches are from prasugrel or ticagrelor to clopidogrel, driven by cost considerations. 18 However, antiplatelet management of patients with recurrent ischemic events after hospital discharge has not been previously described, and consensus guidelines offer no specific recommendations. The TRANSLATE-ACS (Treatment With ADP Receptor Inhibitors: Longitudinal Assessment of Treatment Patterns and Events After Acute Coronary Syndrome) study enrolled patients with myocardial infarction (MI) undergoing PCI and treated with a P2Y 12 inhibitor. 15, 18, 19 Patients were observed longitudinally after discharge, with independent adjudication of recurrent MI and revascularization events, core laboratory adjudication of stent thrombosis, and patient-reported medication adherence. Therefore, the TRANSLATE-ACS study provided the opportunity to evaluate antiplatelet therapy changes after recurrent ischemic events.
Methods Study Population
The design of the TRANSLATE-ACS study has been previously reported. 19 Briefly, the TRANSLATE-ACS study was a multicenter observational study that examined longitudinal antiplatelet use and outcomes among 12 365 patients with MI who were treated with PCI. Patients were enrolled from April 4, 2010 through October 31, 2012. Eligible patients were ≥18 years old, diagnosed as having ST-segmentelevation MI (STEMI) or non-STEMI, treated with PCI and a P2Y 12 inhibitor (clopidogrel, prasugrel, ticlopidine, or ticagrelor), and able to provide consent for long-term follow-up.
Patients enrolled in another research study that dictated antiplatelet treatment in the 1 year after MI were excluded. All patients enrolled in the TRANSLATE-ACS study provided written informed consent, and the study protocol was approved by the ethics committee or institutional review board of each participating site. The Duke University Medical Center Institutional Review Board (Durham, NC) approved use of TRANSLATE-ACS study data for this analysis. The data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure.
The analysis population for this study began with patients who were discharged alive after their index PCI event ( Figure 1 ). The analysis then further focused on the patients who had a recurrent MI, an unplanned revascularization, or both during the following 1 year, as defined later.
Data Collection and Definitions
During each patient's index MI admission, hospitals collected baseline demographic and clinical characteristics, processes of care, discharge medications, and in-hospital outcomes using data elements and definitions modified from the National Cardiovascular Data Registry CathPCI Registry. Patients reported current medications and recurrent hospitalizations during telephone interviews at 6 weeks, 6 months, 12 months, and 15 months after MI. Patients were queried on how often they missed taking a dose of their P2Y 12 inhibitor; nonadherence was defined as missing >1 dose per week. Rehospitalizations were verified by the collection of medical bills. Medical records for hospitalizations involving death, recurrent MI, coronary revascularization (PCI or coronary artery bypass grafting), or stent thrombosis were collected, and events were centrally validated using standardized criteria. 19 The diagnosis of MI was validated using a definition consistent with the Third Universal Definition of Myocardial Infarction. 20 Unplanned coronary revascularizations included both PCI and coronary artery bypass grafting, but excluded staged revascularizations, defined as those performed within 60 days of the index PCI in the absence of new symptoms. When stent thrombosis was suspected, coronary angiograms were independently reviewed by an angiographic core laboratory, and stent thrombosis was validated using Academic Research Consortium criteria. 21 For each event, data were
Clinical Perspective
What Is New?
• Less than 10% of patients after myocardial infarction who have a recurrent ischemic event while taking clopidogrel are switched to a more potent P2Y 12 inhibitor at the time of the recurrent event.
• Recurrent events involving stent thrombosis or ST-segmentelevation myocardial infarction were strongly associated with switching to a more potent P2Y 12 inhibitor, yet only 40% of patients with stent thrombosis and 37% of patients with ST-segment-elevation myocardial infarction were switched.
What Are the Clinical Implications?
• Specific evidence and guidance for the management of patients with closely spaced ischemic events is lacking, and a clinical trial in patients after myocardial infarction with recurrent ischemic events while taking clopidogrel may help clarify the optimal management strategy for these patients.
abstracted regarding P2Y 12 inhibitor therapy use at the time of readmission and at discharge. The primary outcome of our analysis was P2Y 12 inhibitor intensification in response to MI or revascularization, which we defined as a switch from a lower-potency P2Y 12 inhibitor (either clopidogrel or ticlopidine, because some patients discharged with another agent were switched to ticlopidine during follow-up) to a higher-potency P2Y 12 inhibitor (either prasugrel or ticagrelor). A switch occurred when the admission and discharge P2Y 12 inhibitors for the hospitalization involving the recurrent coronary ischemic event were different. Patients who were not taking a P2Y 12 inhibitor at the time of their recurrent event were not eligible for intensification, because patients in whom P2Y 12 inhibitors are stopped early are likely to differ substantially from patients who continue to use P2Y 12 inhibitors up to the time of their event. Increasing clopidogrel dosage to 150 mg/d was also not considered P2Y 12 inhibitor intensification because the TRANSLATE-ACS study did not collect medication dosages; moreover, the 150-mg/d dose of clopidogrel is off label.
Statistical Analysis
Patients were grouped first according to P2Y 12 inhibitor therapy at the time of their recurrent coronary ischemic event, and then according to whether they had P2Y 12 inhibitor intensification. Descriptive statistics were reported as median (25th-75th percentile) for continuous variables and frequency (percentage) for categorical variables. For continuous variables, differences between groups were compared using the Wilcoxon rank-sum test. For categorical variables, differences between groups were assessed using the v 2 test when sample size was sufficient and the Fisher exact test when it was not sufficient. All analyses were performed at the event level to enable us to evaluate the effect of multiple recurrent events on P2Y 12 inhibitor intensification.
To identify factors associated with P2Y 12 inhibitor intensification, we used logistic regression to create a multivariable model, assessing candidate variables listed in Data S1. The logistic regression model used generalized estimating equations to account for within-patient clustering; discrimination was assessed by calculating a C-statistic.
Results

P2Y 12 Inhibitor Use at Time of Recurrent Ischemic Events
Among 12 279 patients with MI who were treated with PCI and discharged alive on a P2Y 12 inhibitor, 1414 (11.5%) had 1740 recurrent coronary ischemic events during the first year after MI. These included 771 recurrent MI events (432 treated with revascularization and 339 treated without revascularization) and 969 unplanned coronary revascularizations performed in the absence of a recurrent MI. Of MI events, 165 (21.4%) involved stent thrombosis. Median time to the first recurrent ischemic event was 154 days (25th-75th percentile, 54-287 days). At the time of the recurrent ischemic event, 1087 patients (62.5%) were taking clopidogrel, 5 patients (0.3%) were taking ticlopidine, 381 patients (21.9%) were taking prasugrel, and 55 patients (3.2%) were taking ticagrelor. Only 5% of recurrent ischemic events occurred in patients who were prescribed P2Y 12 inhibitors at the time of the event but reported nonadherence to therapy. Although all recurrent ischemic events occurred within 1 year of the index MI, 212 patients (12.2%) were no longer taking a P2Y 12 inhibitor at the time of the recurrent event. 12 inhibitor. In patients with recurrent ischemic events after P2Y 12 inhibitor discontinuation, these events occurred at a median of 92 days (25th-75th percentiles, 37-191 days) after P2Y 12 inhibitor discontinuation.
Compared with patients taking a higher-potency P2Y 12 inhibitor at the time of the recurrent ischemic event, patients taking clopidogrel were older and more often had prior coronary artery bypass grafting, prior stroke/transient ischemic attack, and peripheral artery disease. Among patients taking clopidogrel at the time of the recurrent event, 51 (5%) were discharged on a higher-potency P2Y 12 inhibitor and then switched to clopidogrel; the recurrent ischemic event occurred at a median of 218 days (25th-75th percentile, 131-301 days) after P2Y 12 inhibitor switching. Time from index to recurrent event and type of recurrent event were similar between patients still taking lower-versus higher-potency P2Y 12 inhibitors. Stent thrombosis was observed in 21.8% of patients no longer taking a P2Y 12 inhibitor, 8.3% of patients taking clopidogrel or ticlopidine, and 6.7% of patients taking a higher-potency P2Y 12 inhibitor (P<0.0001).
Changes in P2Y 12 Inhibitor Therapy After Recurrent Ischemic Events
Overall, 353 patients (20.3%) changed P2Y 12 inhibitors at the time of their recurrent ischemic event (Figure 2 ). Among patients with MI, 178 (23.2%) changed; 116 patients (11.8%) with revascularization only changed, and 85 patients (51.5%) with stent thrombosis changed.
Of the 212 patients no longer taking a P2Y 12 inhibitor at the time of the recurrent ischemic events, 117 (55.2%) were reinitiated on a P2Y 12 switched to the other high-potency P2Y 12 inhibitor (10 after recurrent MI and 3 after unplanned revascularization without MI) and 34 (7.8%) switched to clopidogrel (18 after recurrent MI and 16 after unplanned revascularization without MI).
Of the 1092 patients taking clopidogrel or ticlopidine at the time of their event, 101 (9.3%) switched to a higher-potency P2Y 12 inhibitor, defined as P2Y 12 inhibitor intensification. Patients with MI were more likely to have P2Y 12 inhibitor intensification than those with revascularization only. Of 450 patients with a recurrent MI while taking clopidogrel, 65 (14.4%) were switched to prasugrel or ticagrelor; 36 of 637 patients (5.7%) were switched to a higher-potency P2Y 12 inhibitor after an unplanned revascularization event without MI (P<0.001). Among 175 patients who were taking clopidogrel at the time of a second or higher recurrent ischemic event, 20 (11.4%) had P2Y 12 inhibitor intensification.
P2Y 12 Inhibitor Intensification
Patients with P2Y 12 inhibitor intensification (n=101) at the time of their recurrent coronary ischemic event were younger than those without intensification (n=991) (57 versus 62 years; P<0.001). They less often had prior coronary artery bypass grafting, peripheral artery disease, multivessel coronary artery disease, and atrial fibrillation/flutter. Bleeding events between index and recurrent events were rare and did not differ significantly between those with and without intensification ( Table 2) . Patients with P2Y 12 inhibitor intensification had their recurrent events sooner after the index event than patients without intensification (83 versus 154 days; P<0.001), more often had MIs rather than revascularization alone (64.3 versus 39.3%; P<0.001), and more often had STEMI (33.7% versus 5.7%; P<0.001) and stent thrombosis (35.6% versus 5.6%; P<0.001).
On multivariable modeling, 4 patient features were significantly associated with intensification of antiplatelet therapy (Figure 3 ). Stent thrombosis was the strongest feature (odds ratio, 4.45; 95% confidence interval, 2.37-8.34), and presentation with MI rather than revascularization alone also had a positive association with P2Y 12 inhibitor intensification. Younger age and shorter duration from index MI event were also associated with a higher incidence of intensification (odds ratio, 1.12 per 1-month decrease in duration from index to recurrent event [95% confidence interval, 1.05-1.19]; odds ratio, 1.39 per 10-year decrease in age [95% confidence interval, 1.14-1.69]). Financial hardship of paying for medications, diabetes mellitus, and moderate/severe bleeding between the index MI and the time of the recurrent ischemic event each had no significant association with the likelihood of intensifying P2Y 12 inhibitor therapy. The C-statistic for the multivariable model was 0.77.
Although stent thrombosis was the strongest factor associated with P2Y 12 inhibitor intensification, only 36 of 91 patients (40%) with stent thrombosis while taking clopidogrel were switched to either prasugrel or ticagrelor. Of 90 patients with STEMI, 34 (37%) had P2Y 12 inhibitor intensification. 
Discussion
Within 1 year after MI treated with PCI, 11% of patients experienced a recurrent ischemic event; most occurred while the patient was still taking guideline-recommended P2Y 12 inhibitor therapy. Time from index to recurrent event and type of recurrent event were similar between patients taking lowerversus higher-potency P2Y 12 inhibitors. Among patients taking a lower-potency P2Y 12 inhibitor, only 9% intensified to prasugrel or ticagrelor after their recurrent ischemic event.
Switching between higher-potency P2Y 12 inhibitors (ticagrelor to prasugrel, or vice versa) was infrequent (3.0%). Recurrent MI (compared with revascularization without MI) and stent thrombosis were strongly associated with P2Y 12 inhibitor intensification; yet, only 40% of patients with stent thrombosis and 14% of patients with recurrent MI had P2Y 12 inhibitor intensification. Increasing age and longer time from the index MI were also associated with lower likelihood for intensification.
No prior study has evaluated the incidence and predictors of intensifying P2Y 12 inhibitor therapy in response to recurrent coronary ischemic events in patients with recent MI treated with PCI. A previous analysis examined switching from clopidogrel to a higher-potency P2Y 12 inhibitor during the index MI hospitalization; younger age, private health insurance, and presentation with STEMI were associated with intensification of P2Y 12 inhibitor therapy, whereas prior history of atrial fibrillation, stroke, peripheral artery disease, or heart failure were associated with clopidogrel continuation. 17 Patients switched to a higher-potency P2Y 12 inhibitor were more likely to have had a recurrent MI during their index hospitalization than patients continued on clopidogrel. In another TRANSLATE-ACS analysis, 7.6% of patients switched P2Y 12 inhibitors in the year after their ACS event; two thirds of these switches were from prasugrel or ticagrelor to clopidogrel, and many switches cited cost as the primary motivating factor. 18 Of patients switching from clopidogrel to a higherpotency P2Y 12 inhibitor, 18.5% had an ischemic event in the 7 days before the switch, including 5.6% with a stent thrombosis.
Younger age remained associated with P2Y 12 inhibitor intensification after a postdischarge recurrent ischemic event. The negative association between increasing age and P2Y 12 inhibitor intensification may reflect clinician wariness of bleeding with higher-potency P2Y 12 inhibitor use in older patients, as seen in the pivotal clinical trials evaluating these agents. 7 Bleeding risk is likely further exacerbated by extending antiplatelet treatment duration as a result of the recurrent ischemic event. 22, 23 On-treatment recurrent MI events were strongly associated with P2Y 12 inhibitor intensification both during the index MI hospitalization and postdischarge, presumably reflecting clinicians' acceptance of the benefit of higher-potency platelet inhibition in patients with recurrent MI. 24 Surprisingly, shorter duration of time between the index and recurrent ischemic events was a predictor of P2Y 12 inhibitor intensification. Longer duration of antiplatelet treatment from index to the later recurrent event may indicate patients better able to persist with antiplatelet therapy without bleeding, which we had expected would increase the likelihood of P2Y 12 inhibitor intensification. However, clinicians may view a period of clinical stability after the index MI as a positive prognostic indicator. When the patient had a recurrent event soon after the prior event while taking a lower-potency P2Y 12 inhibitor, it may be interpreted as a sign of "treatment failure." Although intensification of antiplatelet therapy appears to be more common with STEMI and stent thrombosis, it remains infrequent. Less than 10% of patients with a recurrent ischemic event while taking clopidogrel switched to a higherpotency P2Y 12 inhibitor. Guideline updates in 2014 provided a class IIa recommendation for higher-potency P2Y 12 Although high on-clopidogrel platelet reactivity is prevalent and associated with a higher risk of recurrent ischemic events, [28] [29] [30] and several studies have shown that switching between P2Y 12 inhibitors is safe and effectively reduces platelet reactivity in patients with high on-clopidogrel platelet reactivity, 31 no randomized controlled trial has demonstrated that intensifying P2Y 12 inhibition reduces clinical end points in patients with high on-clopidogrel platelet reactivity. [12] [13] [14] [15] [16] Platelet function testing is infrequently performed in current practice, 15 and recurrent ischemic events while taking clopidogrel may not necessarily reflect inadequate platelet inhibition. The low rates of P2Y 12 inhibitor intensification observed, 37% of patients with STEMI and 40% of patients with stent thrombosis, underscore clinical inertia in the absence of data and guideline recommendations. A clinical trial that tests P2Y 12 inhibitor intensification for patients with recurrent ischemic events taking clopidogrel (10% of patients with ACS) may help clarify optimal management for this patient population and provide evidence to guide physician decision making.
Limitations
This is a secondary analysis of observational data and is subject to unmeasured confounding and selection bias. 12 inhibitor intensification in response to a type I MI in clinical practice, although distinguishing between type I and II MIs is difficult in both the clinical and research setting. In addition, ticagrelor was released in the United States during the conduct of the TRANSLATE-ACS study, and was used infrequently by patients enrolled in the study; only 2.1% of patients in the TRANSLATE-ACS study were treated with ticagrelor at the time of their index event.
Practice changes since the TRANSLATE-ACS study period show a small, but significant, increase in uptake of higherpotency P2Y 12 inhibitors in the United States, and these data may not fully reflect current practices; however, >50% of patients with ACS are still treated with clopidogrel in many contemporary US registries. 8, 38, 39 Last, because patients in the TRANSLATE-ACS study were only observed for 15 months after the index MI event, we are unable to report outcomes for patients with P2Y 12 inhibitor intensification in response to recurrent events compared with those without intensification.
Conclusion
Within 1 year after MI treated with PCI, 11% of patients experienced a recurrent ischemic event; most occurred while the patient was still taking guideline-recommended P2Y 12 inhibitor therapy. Among patients taking a lower-potency P2Y 12 inhibitor, few intensified to a higher-potency P2Y 12 inhibitor at the time of a recurrent ischemic event, even among those with STEMI or stent thrombosis. Physicians are more likely to intensify P2Y 12 inhibitor therapy in response to a recurrent MI or stent thrombosis and in patients of younger age or those who develop the recurrent ischemic event sooner after the index event. Whether intensification reduces further cardiovascular events in this high-risk population warrants further investigation to generate specific guideline recommendations.
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